/AD-A184  202  GAS  TUNGSTEN  ARC  MELDING  OF  AL-10FE-5CECU)  AIR  FORCE 
HRIGHT  AERONAUTICAL  LABS  UR  I GHT -PATTERSON  AFB  OH 
G  E  HETZGER  FEB  87  AFUAL-TR-87-4037 


UNCLASSIFIED 


F/G  12/5 


NL 


AD-A184  202 


Fil£  Copy 


AFWAL-TR-87-4037 

GAS  TUNGSTEN  ARC  WELDING  OF  Al-10Fe-5Ce 

Guinn  E.  Metzger,  Ph.D 

Structural  Metals  Branch 
Metals  and  Ceramics  Division 

February  1987 

Final  Report  for  Period  June  1983  -  June  1986 

Approved  for  Public  Release;  Distribution  Unlimited. 


MATERIALS  LABORATORY 

AIR  FORCE  WRIGHT  AERONAUTICAL  LABORATORIES 
AIR  FORCE  SYSTEMS  COMMAND 

WRIGHT-PATTERSON  AIR  FORCE  BASE,  OHIO  45433-6333 


NOTICE 

When  Government  drawings,  specifications,  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related  Government  procurement  operation , 
the  United  States  Government  thereby  incurs  no  responsibi 1 i ty  nor  any  obligation 
whatsoever;  and  the  fact  that  the  government  may  have  formulated ,  furnished,  or  in 
any  way  supplied  the  said  drawings ,  specifications ,  or  other  data,  is  not  to  be  re¬ 
garded  by  implication  or  otherwise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation ,  or  conveying  any  rights  or  permission  to  manufacture 
use,  or  sell  any  patented  invention  that  may  in  any  way  be  related  thereto. 


This  report  has  been  reviewed  by  the  Office  of  Public  Affairs  (ASD/PA)  and  is 
releasable  to  the  National  Technical  Information  Service  (NTIS).  At  NTIS ,  it  will 
be  available  to  the  general  public,  including  foreign  nations. 


This  technical  report  has  been  reviewed  and  is  approved  for  publication. 


tils', X. 

i  ;u  INN  E.  METZGER  ^ 

Project  Engineer 
Structural  Metals  Branch 
Metals  &  Ceramics  Division 


FOR  THE  COMMANDER 

-  ^  ^ 

.  a  t  .  y 


/- 


/ 


j ' 
c 

/ 


FRANCIS  H.  FROES 

Chief,  Structural  Metals  Brand: 
Mi  •  t  .1 1  s  ,‘i  (‘eranics  Division 


If  your  address  has  changed,  if  you  wish  to  be  removed  from  our  mailing  list,  or 
if  the  addressee  is  no  longer  employed  by  your  organization  please  notify  AKt.'Al.  "I,: 
W-PAFB,  OH  45433  to  help  us  maintain  a  current  mailing  list. 


Copies  of  this  report  should  not  be  returned  unless  return  is  required  by  security 
considerations,  contractual  obligations,  or  notice  on  a  specific  document. 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No  0704-01 8S 


14.  REPORT  SECURITY  CLASSIFICATION 
unclassified 


2#  SECURITY  CLASSIFICATION  AUTHORITY 


2b  DECLASSIFICATION /DOWNGRADING  SCHEDULE 


4.  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 


1b  RESTRICTIVE  MARKINGS 


3  DISTRIBUTION /AVAILABILITY  OF  REPORT 

Approved  for  public  release; 
distribution  unlimited _ 


5  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 


AFWAL-TR-87-4037 


6a  NAME  OF  PERFORMING  ORGANIZATION  6b.  OFFICE  SYMBOL  7a  NAME  OF  MONITORING  ORGANIZATION 
AF  Wright  Aeronautical  Lab.  (if  applicable) 

Air  Force  Systems  Command  AFWAL/MLLS _ 


6c.  ADDRESS  (City,  State,  and  ZIP  Code)  I  7b  ADDRESS  (City,  State.  end  ZIP  Code) 


Wright-Patterson  AFB,  OH  45433 


8a  NAME  OF  FUNDING /SPONSORING 
ORGANIZATION 


8b  OFFICE  SYMBOL  I  9  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 
(if  applicable)  I 


8c  ADDRESS  (City,  State,  and  ZIP  Code) 


11  TITLE  (Include  Security  Classification) 


10  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM 
ELEMENT  NO  I  NO 

62102F  I  2 


Gas  Tungsten  Arc  Welding  of  Al-10Fe-5Ce 


12  PERSONAL  AUTHOR(S) 
Guinn  E.  Metzger 


13a.  TYPE  OF  REPORT  |1 3b  TIME  COVEREO 

Final  |  from  Jun  83  tq  Jun86 


16  SUPPLEMENTARY  NOTATION 


14.  DATE  OF  REPORT  (Year,  Month.  Day)  IS  PAGE  COUNT 

1987  February  22 


COSATI  CODES 


GROUP  SUB-GROUP 


18  SUBJECT  TERMS  ( Continue  on  reverse  if  necessary  and  identify  by  block  number) 

V' 

gas  tungsten  arc  welding^  powder  metallurgy ,  y 
aluminum  alloy  i  high  temperature  «<r" 


19  ABSTRACT  ( Continue  on  reverse  if  necessary  and  identify  by  block  number) 

Thin  sheet  of  the  powder  metallurgy  aluminum  alloy  Al-10Fe-5Ce  was  fusion  welded 
with  the  gas  tungsten  arc  welding  process.  The  effect  of  preweld  vacuum  heat 
treatment,  filler  metal,  and  the  type  of  welding  current  was  investigated. 

The  gross  porosity  of  welds  made  with  untreated  base  metal  was  virtually 
eliminated  by  the  use  of  a  combination  of  preweld  vacuum  heat  treatment  and  a  direct 
current  electrode  negative  (DCEN)  welding  arc  with  helium  shielding  gas.  The  required 
heat  treatment  i3  estimated  to  be  20  hours  at  750  F,  which  results  in  a  reduction  in 
the  base  metal  tensile  strength  from  about  65  to  60  ksi. 

However,  the  presence  of  brittle  phases  near  the  weld  interface  causes  low 
ductility  and  low  strength.  The  tensile  elongation  at  room  temperature  of 
longitudinal  welds  was  about  1%,  and  the  tensile  strength  joint  efficiency  of 
transverse  welds  was  55 l  when  tested  at  room  temperature,  and  81%  at  a  testing 
temperature  of  600  F.  [ 


20  distribution  availability  of  abstract 
□  UNClASSiFiED'UNLIMiTED  □  SAME  AS  RPT 


22*  NAME  OF  RESPONSIBLE  INDIVIDUAL 


121  ABSTRACT  SECURITY  CLASSIFICATION 

UNCI  ASS  I F 1 1  D  _ 


22b  TELEPHONE  (Include  Area  Code)  22 c  OFFICE  SYMBOL 

>1  W.u-IH  i'l  MI'M,  ''MIT.:: 


DO  Form  1473,  JUN  86 


Previous  editions  art  obsolete 


SECURITY  CLASSIFICATION  OF  ThiS  PAGE 


i::.vi.Assiri::i 


FOREWORD 


This  report  was  prepared  by  Dr.  G.  Metzger,  Structural  Metals  Branch,  Metals  and 
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SECTION  I 


INTRODUCTION 

Recently  developed  aluminum  alloys,  produced  by  powder  metallurgy  methods,  have 
higher  strength  at  elevated  temperature  than  aluminum  alloys  produced  by  conventional 
means.  Joining  of  these  powder  metallurgy  alloys  is  one  of  the  requirements  for  their 
efficient  application  in  structures.  A  feasibility  study  of  the  gas  tungsten  arc 
welding  of  one  of  these  alloys,  a  metastable  Al-10Fe-5Ce,  is  presented  in  this 
report . 

It  has  long  been  recognized  that  fusion  welds  in  powder  metallurgy  aluminum 
alloys  are  prone  to  the  formation  of  excessive  gas  porosity,  caused  by  the  presence 
of  hydrogen,  as  hydroxide  or  water,  in  the  base  metal.  The  hydrogen  content  may  be 
reduced  by  heat  treatment  of  the  aluminum  alloy  in  vacuum  at  high  temperature. 
However,  the  heat  treatment  is  limited  by  the  reduction  of  base  metal  strength  as  the 
time  and  temperature  increase. 


SECTION  II 
MATERIALS 

The  base  metal  used  in  this  investigation  was  the  aluminum  alloy,  Al-10Fe-5Ce, 
consolidated  from  powder  by  extrusion  to  form  a  bar  of  rectangular  cross  section,  3/4 
by  4-in.  All  welding  and  tensile  testing  was  done  with  strips,  1/16  x  3 /4  x  4-in., 
made  by  cutting  perpendicular  to  the  longitudinal  axis  of  the  bar,  followed  by 
machining  to  the  1/16  in.  thickness. 

Vacuum  fusion  analysis  yielded  a  hydrogen  content  of  2  ppm,  which  was  reduced  to 
1  ppm  by  treatment  in  a  vacuum  at  750  F  for  100  hours. 

Filler  metals  included  Classifications  ER4043  (5%  Si),  ER4047  (12%  Si),  and 
ER5356  (5%  Mg)  of  the  American  Welding  Society  specification  AWS  A5. 10-80. 


SECTION  III 

BASE  METAL  TENSILE  PROPERTIES 

Tension  specimens,  as  shown  in  Figure  1,  were  tested.  There  was  a  strong  tendency 
for  the  specimens  to  fracture  near  the  end  of  the  1-in.  gage  length,  thus  making  it 
impossible  to  determine  the  elongation.  This  problem  was  solved  by  using  an 
unconventional  procedure  (Reference  1).  The  entire  length  of  the  reduced  section  was 
subdivided  at  0.1-in.  intervals  by  marking  with  a  scribe  before  tensile  testing. 
Figure  2A  illustrates  a  tension  specimen  with  the  fracture  near  the  end  of  the  1-in. 
gage  lengtn.  Dimension  a  represents  the  extended  gage  length  that  would  be  used  for 
calculation  of  the  elongation,  if  the  specimen  had  fractured  near  the  center  of  the 
gage  length.  Dimension  b  of  Figure  2B  represents  the  extended  gage  length  that  is 
used  to  compensate  lor  fracture  near  the  end  of  the  gage  length,  and  is  composed  of 
three  elements.  Dimension  e  of  five  scribe  marks,  which  is  one-half  of  the  extended 
gage  length  on  the  longer  end  of  Figure  2A ;  dimension  d  of  two  scribe  marks,  which  s 
trie  distance  between  the  scribe  mark  nearest  the  fracture  and  the  end  of  the  gage 
length  on  the  shorter  end  of  Figure  2A ;  and  dimension  e  of  three  scribe  marks,  to 
complete  the  required  ten  scribe  marks  of  dimension  b  of  Figure  2B. 
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Fig.  1.  Tension  specimen 
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Fig.  2.  Calculation  of  tensile  elongation 


The  results  of  base  metal  tension  tests  are  presented  in  Table  1.  The  holding 
time  before  testing  was  not  recorded.  The  results  are  in  good  agreement  with  those 
reported  by  Lockheed  (Reference  2)  for  the  same  alloy,  except  that  a  tensile  strength 
at  600  F  of  32  ksi  was  reported.  Since  that  value  is  consistent  with  the  results  of 
extensive  testing  of  a  series  of  Al-Fe-Ce  alloys  by  Lockheed,  it  is  considered  that 
32  ksi  is  more  accurate  than  the  50-52  ksi  shown  in  Table  1. 

One  tension  specimen,  No.  16,  tested  after  heat  treatment  at  750  F  for  100  hours 
in  air,  had  a  tensile  strength  very  near  that  of  Nos.  13,  14,  and  15,  which  were  heat 
treated  at  the  same  time  and  temperature,  but  In  vacuum.  This  indicates  that,  at 
these  heat  treatment  conditions,  air  and  vacuum  have  about  the  same  effect  on  tensile 
strength . 

Figure  3  shows,  in  graphical  form,  the  effect  of  neat  treatment  at  750  F  in 
vacuum  on  the  tensile  strength. 


TABLE  1 


RESULTS  OF  BASE  METAL  TENSION  TESTS 


tension 

heat  treatment 

test 

yield 

tensile 

specimen 

temp. 

time 

temp. 

strength 

strength 

elong 

no . 

F 

h 

atmosphere 

F 

ksi 

ksi 

1 

RT 

67 

2 

RT 

62 

3 

RT 

51 

66 

7.9 

4 

RT 

53 

66 

7.5 

5 

400 

57 

6 

400 

57 

7 

600 

52** 

8 

600 

50** 

9 

750 

20 

vacuum 

RT 

62 

10 

750 

20 

vacuum 

RT 

61 

11 

750 

50 

vacuum 

RT 

54 

12 

750 

50 

vacuum 

RT 

55 

13 

750 

100 

vacuum 

RT 

51 

14 

750 

100 

vacuum 

RT 

51 

15 

750 

100 

vacuum 

RT 

35 

49 

16 

750 

100 

air 

RT 

37 

48 

10 

*  Elongation  in  1-in.  gage  length 
**  See  text,  page  2 


SECTION  IV 
WELDING 

Specimens  were  machine  welded  in  a  clamping  fixture  with  the  gas  tungsten  arc 
welding  (GTAW)  process,  with  shielding  gas  supplied  both  to  the  welding  torch  and  to 
the  weld  root.  The  only  preweld  surface  preparation  of  the  base  metal  strips  was 
degreasing  in  acetone. 

4.1  WELDS  MADE  WITH  ALTERNATING  CURRENT  (AC) 

4.1.1  Autogeneous  weld s 

The  first  group  of  welds  was  made  to  obtain  preliminary  information  on  the 
effect  of  preweld  heat  treatment  on  weld  porosity.  Welds  were  made  with  no  filler 
metal,  with  argon  shielding  gas,  and  in  the  flat  position  along  the  longitudinal  axis 
of  the  base  metal  strip.  Alternating  current  (AC)  of  115-120  amperes  (A)  as  the 
welling  current,  15-18  volts  (V)  as  the  arc  voltage,  and  a  welding  speed  of  5  in. /min 
were  used  to  obtain  a  deptn  of  fusion  through  the  strip  thickness. 
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Fig.  3.  Base  metal  room  temperature  tensile  strength  vs.  heat  treatment  time 

at  750  F  in  vacuum 

Preweld  heat  treatment  of  the  base  metal  strips  included  exposure  at 
temperatures  of  both  600  and  750  F  for  times  of  10  and  100  hours  in  vacuum  and  10, 
100,  and  1000  hours  in  air. 

The  welded  strips  were  radiographed,  and  then  cut  perpendicular  to  the 
longitudinal  axis  into  four  1-in.  segments.  Each  of  the  three  resulting  cross 
sections  was  examined  as  a  metal lographic  mount.  Radiographs  made  with  a  variety  of 
exposure  conditions  did  not  prove  to  be  useful  as  a  means  of  examination  for  weld 
porosity . 

The  excessive  porosity  of  a  typical  cross  section  of  a  weld  made  with  no  preweld 
heat  treatment  is  shown  in  Figure  4.  A  typical  cross  section  of  a  weld  made  after  a 
preweld  heat  treatment  at  750  F  for  1000  hours  in  air  is  presented  in  Figure  5. 
Although  heat  treatment  in  air  caused  a  reduction  in  the  pore  size,  there  appeared  to 
be  little  change  in  the  porosity  volume.  Welds  made  with  base  metal  that  had  been 
heat  treated  in  air  at  750  F  for  less  than  1000  hours,  as  well  as  at  600  F,  yielded 
about  the  same  porosity  results  as  shown  in  Figures  4  and  5. 

A  preweld  heat  treatment  in  vacuum  at  750  F  for  100  hours  resulted  in  welds  with 
a  marked  decrease  in  the  porosity  volume,  when  compared  to  no  preweld  heat  treatment, 
but  100  hours  at  600  F  resulted  in  little  or  no  improvement. 

The  encouraging  results  with  base  metal  heat  treated  at  750  F  in  vacuum  led  to 
a  second  group  of  welds  with  preweld  heat  treatment  using  those  conditions  at  10,  20, 
50  and  100  nours.  The  welding  conditions  were  the  same  as  for  the  first  group. 
Pnotomicrogr aphs  of  typical  cross  sections,  prepared  as  described  for  the  first  group 
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Fig.  4.  Autogeneous  weld  made  with  no  preweld  heat  treatment,  AC 
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Fig.  5.  Autogeneous  weld  made  with  preweld  heat  treatment  at  750  F 

for  1000  hours  in  air,  AC 
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Fig.  6.  Autogeneous  weld  made  with  preweld  heat  treatment  at  750  F 

for  10  hours  in  vacuum,  AC 
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Fig.  7.  Autogeneous  weld  made  with  preweld  heat  treatment  at  750  F 

for  100  hours  in  vacuum,  AC 


of  welds,  illustrating  the  beneficial  effect  of  vacuum  heat  treatment  at  750  F,  are 
presented  in  Figure  6  for  a  10  hour  heat  treatment  and  in  Figure  7  for  100  hours. 
Welds  in  base  metal  with  the  20  hour  heat  treatment  were  about  the  same  as  those  for 
10  hours,  and  welds  with  50  hours  were  about  midway  between  those  for  10  hours  and 
100  hours.  It  is  noted  that  most  of  the  porosity  in  these  welds  is  located  in  a  zone 
near  the  weld  interface. 

4.1.2  Welds  made  with  filler  metal 

A  third  group  of  welds  was  made  to  determine  the  effect  on  weld  porosity  of  a 
combination  of  preweld  heat  treatment  at  750  F  in  vacuum  and  the  use  of  filler  metal. 
The  welding  conditions  were  the  same  as  for  the  first  group,  except  as  shown  in  Table 
2.  Preparation  of  the  welds  for  metallographic  examination  was  the  same  as  for  the 
first  group. 

TABLE  2 

WELDING  CONDITIONS  FOR  WELDS  MADE  WITH  AC  AND  WITH  FILLER  METAL 


weld 

no . 

HT  time* 
h 

filler 

metal 

arc 

voltage 

V 

welding 

current 

A 

1 

none 

ER4043 

18 

125 

2 

none 

ER4047 

21 

135 

3 

none 

ER5356 

15 

165 

4 

10 

ER4043 

18 

125 

5 

10 

ER4047 

21 

135 

6 

10 

ER5356 

15 

165 

7 

100 

ER4043 

18 

125 

8 

100 

ER4047 

21 

135 

9 

100 

ER5356 

15 

165 

*  Preweld  heat  treatment  at  750  F  in  vacuum 


A  representative  selection  of  photomicrographs  from  these  welds  is  presented  in 
Figures  8  through  12.  Figures  3  and  9  illustrate  the  typical  excessive  porosity  of 
welds  made  with  no  preweld  heat  treatment  of  the  base  metal.  However,  the  upper  part 
of  the  weld,  consisting  mostly  of  filler  metal,  is  almost  free  of  porosity.  The 
porosity  in  the  weld  made  with  ER4047  was  about  the  same  as  those  made  with  ER4043 
and  ER5356. 

Figures  10  through  12  illustrate  the  typical  low  porosity  in  welds  made  with 
preweld  heat  treatment  at  750  F  for  100  hours.  Welds  made  with  ER4043  and  ER5356  had 
about  the  same  amount  of  porosity  as  autogeneous  welds  (Figure  7),  and  were  much 
better  than  welds  made  with  ER4047.  Again,  the  porosity  was  confined  mostly  to  the 
weld  metal  zone  containing  a  high  proportion  of  base  metal. 

There  was  no  significant  decrease  in  porosity  for  welds  made  with  preweld  heat 
treatment  at  750  F  for  10  hours,  as  compared  to  no  preweld  heat  treatment. 


no  etchant 


1 1X 


Fig.  8.  Weld  made  with  no  preweld  heat  treatment,  AC,  ER4043 


no  etchant  1 1X 

Fig.  9.  Weld  made  with  no  preweld  heat  treatment,  AC,  ER5356 


no  etchant  1 IX 

10.  Weld  made  with  preweld  heat  treatment  at  750  F  for  100  hours  in  vacuum, 

AC,  ER4043 
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Alcoa  (nitric,  hydrofluoric,  chromic  acids)  etch  1 IX 

Fig.  11.  Weld  made  with  preweld  heat  treatment  at  750  F  for  100  hours  in  vacuum, 

AC,  ER404? 


no  etchant  11X 


Fig.  12.  Weld  made  with  preweld  heat  treatment  at  750  F  for  100  hours  in  vacuum, 

AC,  ER5356 


4.2  WELDS  MADE  WITH  DIRECT  CURRENT  ELECTRODE  NEGATIVE  (DCEN) 

Welds  were  made  in  the  flat  position  at  a  travel  speed  of  5  in. /min,  and  with 
filler  metal.  Direct  current  electrode  negative  (DCEN)  with  helium  shielding  gas  was 
used  to  obtain  a  depth  of  fusion  through  the  base  metal  thickness. 

The  first  group  of  DCEN  welds,  along  the  longitudinal  axis  of  the  base  metal 
strip,  was  made  to  determine  the  effect  of  preweld  heat  treatment  and  filler  metal  on 
weld  porosity.  The  welding  conditions  for  these  longitudinal  welds  are  given  in  Table 
3  for  weld  numbers  1  through  6.  The  filler  metals  selected  were  ER4043  and  ER5356, 
since  welds  made  with  these  filler  metals  and  AC  contained  less  porosity  than  those 
made  with  ER4047. 


TABLE  3 


WELDING 

CONDITIONS  FOR 

WELDS  MADE 

WITH  DCEN 

arc 

welding 

weld 

HT  time* 

weld** 

filler 

voltage 

current 

no . 

h 

orientation 

metal 

V 

A 

1 

none 

coincident 

ER4043 

15 

150 

2 

none 

coincident 

ER5356 

14 

185 

3 

10 

coincident 

ER  4043 

15 

150 

4 

10 

coincident 

ER5356 

14 

185 

5 

100 

coincident 

ER4043 

15 

150 

6 

100 

coinc ident 

ER5356 

14 

185 

7 

none 

coincident 

ER5356 

14 

160 

8 

none 

coincident 

ER5356 

13 

150 

9 

none 

transverse 

ER5356 

15 

160 

10 

none 

transverse 

ER5356 

15 

160 

1 1 

none 

transverse 

ER5356 

15 

160 

12 

none 

transverse 

ER5356 

18 

140 

13 

none 

transverse 

ER5356 

18 

140 

14 

none 

transverse 

ER5356 

18 

140 

*  Preweld  heat  treatment  at  750  F  in  vacuum 
**  Relationship  of  weld  axis  to  longitudinal  axis  of 
base  metal  strip 


A  representative  selection  of  photomicrographs  of  these  welds  is  shown  in  Figures 
13  through  16.  The  use  of  direct  current  resulted  in  a  remarkable  decrease  in  weld 
porosity,  as  compared  to  alternating  current,  for  welds  made  with  no  preweld  heat 
treatment;  and,  an  appreciable  decrease  for  welds  made  with  preweld  vacuum  heat 
treatment.  The  weld  illustrated  in  Figure  14  appears  to  indicate  that  weld  porosity 
is  virtually  eliminated,  when  DCEN  and  ER5356  is  used  with  a  preweld  heat  treatment 
in  vacuum  at  750  F  for  100  hours. 

Other  significant  differences  are  the  much  more  thorough  mixing  of  base  metal  and 
filler  metal  in  the  weld  metal,  and  the  greater  uniformity,  along  the  weld  length,  in 
the  width  and  height  of  the  root  reinforcement  in  welds  made  with  direct  current.  In 
addition,  welds  made  with  ER5356  filler  metal  had  slightly  less  weld  porosity  than 
those  made  with  ER4043  and  welds  with  a  preweld  heat  treatment  of  10  hours  also  had 
slightly  less  weld  porosity  than  those  made  with  no  preweld  heat  treatment. 


SECTION  V 


WELD  TENSILE  PROPERTIES 


Welds  were  made  in  the  flat  position  at  a  travel  speed  of  5  in. /min,  and  with 
ER5356  filler  metal.  Direct  current  electrode  negative  (DCF.N)  with  helium  shielding 
gas  was  used  to  obtain  a  depth  of  fusion  through  the  base  metal  thickness.  There  was 
no  preweld  heat  treatment. 


Alcoa  (nitric,  hydrofluoric,  chromic  acids)  etch  1 1X 
Fig.  13.  Weld  made  with  no  preweld  heat  treatment,  DC EN ,  ER5356 


Alcoa  (nitric,  hydrofluoric ,  chromic  acids)  etch  1 1X 

Fig.  14.  Weld  made  with  preweld  heat  treatment  at  750  F  for  100  hours  in  vacuum, 

DCEN ,  ER5356 


no  etchant  11X 


Fig.  15.  Weld  made  with  no  preweld  heat  treatment,  DCEN,  ER4043 


no  etcnanc.  11X 

Fig.  16.  Weld  made  with  preweld  heat  treatment  at  750  F  for  100  hours  in  vacuum, 

DCEN,  ER 404 3 

10 


A 


i  UAa  J—  JL»A  * 


Two  welds  were  made  along  the  long i  t  ud  i  na  1  axis  of  the  base  metal  strip,  and  six 
welds  were  made  transverse  to  the  longitudinal  axis  and  at  the  center  of  the  base 
metal  strip.  The  welding  conditions  for  the  two  longitudinal  welds  are  given  with 
weld  numbers  7  and  8,  and  for  the  six  transverse  welds  with  weld  numbers  9  through  14 
in  Table  3* 

The  transverse  welds  were  made  by  clamping  a  group  of  abutting  strips,  with 
machined  straight  edges,  in  the  welding  fixture  and  welding  the  entire  group  in  one 
pass.  This  resulted  in  holes  at  some  of  the  abutting  edges,  but  sufficient  undamaged 
welded  strips  remained  to  serve  as  tension  specimens.  Weld  numbers  9  through  11  were 
in  one  group  and  12  through  14  were  in  a  second. 

Tension  specimens,  as  shown  in  Figure  1,  were  made  from  weld  numbers  7  through 
14.  The  weld  reinforcement  was  removed  by  milling  from  the  two  specimens  with 


longitudinal  welds,  but  not  from  the  six  with  transverse  welds.  The  results  of  the 
tension  tests  are  shown  in  Table  4,  with  the  specimen  numbers  corresponding  to  the 
weld  numbers  of  Table  3- 


TABLE  4 

RESULTS  OF  WELD  TENSION  TESTS 


tens  ion 
specimen 
no . 

weld* 

orientation 

test 

temp. 

F 

yield 

strength 

ksi 

tensile 

strength 

ksi 

elong. 

%** 

joint 

efficiency 

%  **** 

7 

coincident 

RT 

18 

20 

0 

8 

coincident 

RT 

19 

20 

1.6 

9 

transverse 

RT 

36 

65 

10 

transverse 

RT 

»«« 

1 1 

transverse 

400 

33 

52 

12 

transverse 

400 

26 

U 

transverse 

600 

22 

81 

14 

transverse 

600 

30 

*  Relationship  of  weld  axis  to  longitudinal  axis  of  base  metal  strip 
**  Elongation  in  1-in.  gage  length 

***  Specimen  broke  upon  installation  in  tensile  testing  machine 
****  A  ratio,  expressed  in  percent,  of  the  average  weld  tensile  strength 
to  the  average  base  metal  tensile  strength  from  Table  1,  except 
that  the  base  metal  strength  of  32  ksi  at  600  F,  determined  by 
Lockheed,  was  used  in  the  calculation. 


Fracture  of  the  transverse  weld  tension  specimens  occurred  at  the  weld  interface 
through  the  zone  containing  the  weld  porosity.  An  examination  of  the  fracture 
surfaces  with  a  binocular  microscope  revealed  considerably  more  weld  porosity  (see 
Figure  17  for  a  typical  example),  as  would  be  expected,  than  was  evident  in  a  cross 
section  of  3  weld  made  with  similar  welding  conditions  (see  Figure  13) • 


V. 


Fig.  17.  Weld  porosity  on  fracture  surface  of  tension  specimen  with 

transverse  weld  (16X) 


,v 

«c' 


p 


I 


An  examination  of  the  fracture  surfaces  of  the  specimens  with  longitudinal  welds 
indicated  the  formation  of  massive  and  closely  spaced  needles  in  the  weld  metal 
immediately  adjacent  to  the  weld  porosity  zone,  as  illustrated  in  Figure  18,  and  then 
sometimes  a  zone  containing  needles  in  rosette  form,  as  illustrated  in  Figure  19.  The 
orientation  of  the  weld  in  both  figures  is  with  the  weld  face  at  the  top  of  the 
photographs.  The  primarily  fine-grained  central  portion  of  the  weld  metal  is  located 
at  the  left  in  Figure  18  and  at  the  right  in  Figure  19.  At  the  lower  right  corner  of 
Figure  18,  which  is  located  at  the  edge  of  the  specimen  and  also  at  the  weld  root,  a 
few  pores  may  be  observed. 


Fig.  18.  Massive  and  closely  spaced  needles  on  fracture  surface  of 
tension  specimen  with  longitudinal  weld  (32X) 
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Fig.  19.  Needles  in  rosette  form  on  fracture  surface  of  tension 
specimen  with  longitudinal  weld  C  32X ) 


The  low  tensile  strength  of  the  welds  is  considered  to  be  normal,  even  when  any 
effect  of  weld  porosity  is  ignored.  The  gage  section  of  the  specimens  with 
longitudinal  welds  is  composed  almost  entirely  of  weld  metal,  which  is  an  alloy  of 
the  lower  strength  ER5356  and  the  base  metal.  The  high  temperature  experienced  by  the 
heat-affected  zone  during  welding  causes  an  agglomeration  of  the  finely  dispersed 
intermetallic  particles  that  are  primarily  responsible  for  the  high  strength  of  the 
base  metal.  This  results  in  low  strength  of  the  specimens  with  transverse  welds, 
although  it  is  expected  that  the  weld  porosity  also  contributed  to  the  low  strength. 

There  are  several  indications  of  Krittle  behavior  in  the  results  of  the  weld 
tension  tests.  The  addition  of  the  high  ductility  ER5356  filler  metal  to  the  base 
metal  should  result  in  an  increase  of  weld  metal  ductility;  yet  iust  the  opposite  is 


true.  The  average  ductility  of  the  longitudinal  weld  tension  s.  ^timo  'umbers  6  and 
7  of  Table  4)  is  about  one  order  of  magnitude  less  than  the  average  .  ity  of  the 

base  metal  (numbers  3  and  4  of  Table  1).  This  decrease  in  ductility  >0  great  to 

be  attributed  to  the  presence  of  a  few  pores  on  the  weld  cross  sectic  "v>e  failure 
of  number  10  upon  clamping  in  the  tensile  test  fixture  is  a  good  indiv.^  'f  poor 
weld  ductility.  The  increased  joint  efficiency  at  a  testing  temperature  of  6O0  F  is 
consistent  with  the  fact  that  the  effect  of  brittle  behavior  is  often  alleviated  with 
an  increase  in  temperature.  And  finally,  the  needles  found  on  the  fracture  surfaces 
of  the  longitudinal  weld  tension  specimens  have  the  appearance  of  iron-aluminum 
intermetallic  compounds.  The  brittle  behavior  of  intermetallic  compounds  would  cause 
premature  failure  and  low  ductility. 


.'.TO 


SECT  ION  VI 


DISCUSSION 

The  first  welds  made  with  the  type  of  welding  current  (alternating  current,  AC) 
lost  :  mmuniy  used  for  the  gas  tungsten  arc  welding  (GTAW)  of  aluminum,  and  with  no 
'lller  metal,  exhibited  gross  porosity  distributed  throughout  the  weld  metal,  when 
•  r.ere  was  -ij  prewel  1  he.it  treatment  and  also  when  preweld  heat  treatment  consisted  of 
leafing  in  air  from  a  minimum  exposure  of  10  hours  at  600  F  to  a  maximum  of  1000 
lours  it  7sa  r.  Although  preweld  heat  treatment  in  vacuum  at  60S  F  did  not 
ippr-  ■  lably  affect  the  w*id  porosity,  7t>0  F  did  drastically  reduce  the  weld  porosity, 

1  •  ■  e ,  at  j  '  i  ’ie  ,is  ihort  a:;  10  Hours .  Rattier  than  being  scattered  about  throughout  the 
ie,  1  metal  ,  the  porosity  was  confined  to  the  zone  immediately  adjacent  to  the  weld 
•iter !  ic  i  ,  wnere  the  short  time  in  the  liquid  state,  a  temperature  of  the  weld  pool 
•. jse  to  the  melting  point,  and  a  rapid  solidification  rate  resulted  in  the 
•n  f  -  upmen  t  of  gas  bubbles. 

There  was  a  poor  correlation  between  the  hydrogen  content  of  the  base  metal  arid 
“II  porosity.  A  vacuum  heat  treatment  at  750  F  for  '00  hours  reduced  the  hydrogen 
'•item  iron  ;  to  1  ppm;  i.  e.,  the  hydrogen  was  reduced  by  one  half.  However,  the 
eld  porosity  red  .ct  ion  was  an  estimated  two  orders  of  magnitude.  Apparently,  there 
i  s  •■■.•'thing  m  t  ie  has-;  metal,  iri  addition  to  the  hydrogen  determined  by  vacuum 
asioo  inilysis,  that  causes  weld  porosity;  or,  the  hydrogen  analysis  was  not 
’  •  or  j  t e  . 


The  porosity  in  walls  made  after  a  preweld  heat  treatment  of  the  base  metal  in 
i  o. urn  at  750  F  for  iQO  hours  is  probably  acceptable;  however,  the  decrease  in  the 
"hsi  1  e  strength  of  tne  base  metal  from  about  's}  to  60  Ksi  caused  by  this  treatment 
"■  n  r  .  Therefore,  further  well  experiments  were  made  with  three  widely-used 
1  ’U',  •  r  .a!  filler  metals,  again  with  AC,  in  an  attempt  to  reduce  weld  porosity ,  and 
t  •  sum-  Mm*-  -’edu  -e  tne  effect  of  the  preweid  heat  treatment  on  the  base  metal 
’  •'-ng *  n  . 

A.  tt.wugn  tie  addition  of  filler  metal  did  reduce  weld  porosity,  it  was  still 
v  ess  w-* ,  when  there  was  either  no  preweld  heat  treatment  or  in  vacuum  at  750  F  for 
”  urs.  The  nal low  penetration  of  tne  AC  welding  arc  resulted  in  a  weld  bead  tnat 
•’>  *'•  >■-*;■!  pr  aril  y  of  filler  metal  at  tne  weld-face  side  and  primarily  of  base  metal 
•  J-r  ,ot  The  greater  agitation  of  tne  weld  pool  on  the  well-face  side 

•  rm  l  :  e  i  ••  but,r.  l<*s  t  ••  '■  up**  ,  whereas  t  he  more  stag:,  mt  well  metal  >n  the 

■  1-’  •  •*  •*  ;  1  i  ••• :  •  -  v  j  I  v  i  *  i  ,•  r\  a . ,  '  .  be  ..•nt  rapped  ,  to  form  well  porosity.  Welds  made 

•  ‘  ’•  i  *  *  w  e  ;  • ,  •  -  it  t  >'e  it-vn*  ir,  vacuum  at  ’'vd  F  for  i  T,  hours  and  wits  FH-ioUj  and 

•  '  met  ils  •*< : ,  i  !i  1 1-  i  about,  tie-  sam-'  w**l  1  poros  1 1  y  volume  as  lutogeneou., 

:  >  "'ii"  4.  tr.  •  M-  same  pr**w* .  i  ';»•  it  treatmen*  ,  but  p,jr«M  were  l .  it.ed  within 

•  ;  ‘  we ;  :  . •  i.  >  r .  s  i  st  i  rig  prim.r.iy  jf  base  metal,  rather  than  in 

* ;  *  ’ . :  .**  j  T  * .  .  1  w  •  * „  j  » * .  t,  *  *  r  !  ■  j  >  * . 

*  ’  ■  ••  >:■  •  •.,'•••  .in  i  r  ir  w*-l  1  m*-t  jl  ,  Me-  1  **>■;<,•.-  pen.-t  r  P  i  -,n  .<{  ‘he 
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a  few  bubbles  entrapped  near  the  weld  Interface,  where  molten  time  is  short  and 
solidification  is  rapid.  An  additional  benefit  of  DCEN  was  better  uniformity,  along 
the  weld  length,  in  the  width  and  height  of  the  root  reinforcement. 

Transverse  welds  and  longitudinal  welds  for  tensile  testing  were  made  with  DCEN, 
ER5356,  and  no  preweld  heat  treatment.  The  fracture  surfaces  of  tension  specimens 
with  a  transverse  weld,  which  failed  near  the  weld  interface  through  the  zone 
containing  weld  porosity,  revealed  sufficient  porosity  to  have  some  effect  on  the 
weld  strength.  Since  either  DCEN  or  preweld  heat  treatment  in  vacuum  at  750  F  for  100 
hours  resulted  in  welds  with  almost  no  porosity,  it  is  probable  that  a  combination  of 
DCEN  and  preweld  heat  treatment  for  a  time  less  than  100  hours  would  result  in  welds 
also  no  significant  porosity.  It  is  estimated  that  the  necessary  time  would  be  on  the 
order  of  20  nours,  with  a  corresponding  decrease  in  the  base  metal  tensile  strength 
from  about  65  to  about  60  ksi. 

However,  a  major  deficiency  in  the  welds,  the  presence  of  brittle  phases  in  a 
zone  of  about  60  mils  thickness  near  the  weld  interface,  remains.  If  the  thickness  of 
a  brittle  layer  can  be  limited  to  no  more  than  a  few  mils,  a  weld  will  often  exhibit 
good  ductility.  There  is  no  possibility  that  welding  at  a  greater  travel  speed  to 
reduce  the  heat  input  would  reduce  the  brittle  zone  to  that  thickness.  It  is  also 
improbable  that  the  lower  heat  input  of  plasma  arc  welding  or  electron  beam  welding 
would  have  sufficient  effect  on  the  thickness  of  the  brittle  zone  to  appreciably 
improve  weld  ductility. 

SECTION  VII 
CONCLUSIONS 

Fusion  welds  made  by  the  GTAW  process  in  powder  metallurgy  Al-10Fe-5Ce  base  metal 
are  not  useful  for  structural  applications.  Although  weld  porosity  can  be  virtually 
eliminated  by  a  combination  of  DCEN  welding  and  preweld  vacuum  heat  treatment,  with 
only  a  minor  decrease  in  base  metal  tensile  strength,  the  welds  exhibit  a  brittle 
behavior  due  to  brittle  phases  formed  near  the  weld  interface. 

It  is  believed  that  welds  made  by  any  fusion  welding  process  would  be  useful  only 
f 'or  sealing  welds,  or  some  other  non-structural  application. 
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